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MODE family of experiments 
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THE MODE FAMILY OF EXPERIMENTS 
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MACE is part of a logical sequence of cost-effective flight 
experiments designed to advance technology of interest to NASA 
in the area of controlled structures. 




THE MIDDECK O-GRAVITY DYNAMICS EXPERIMENT 

(MODE) 
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MODE provides a reusable dynamics test facility which will 
on the first flight to test two rather different types of test 




FTA OBJECTIVES, REQUIREMENTS AND APPROACH 
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generalized coordinates. 

Derive governing differential equations by applying 
Lagrange's Principle. 

Solve nonlinear equations subject to harmonic excitation. 
Verify predictions with MODE flight and ground test results. 



FTA CONFIGURATION 
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STA OBJECTIVES, REQUIREMENTS AND APPROACH 
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STA OBJECTIVES, REQUIREMENTS & APPROACH 

• Engineering science objectives are to characterize the 

fundamental changes in dynamics in 0-g due to absence of 
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Develop describing functions from Force-State Map. 

Insert describing functions into global model and solve for 
forced response using Harmonic Balance Method. 

Verify predictions with MODE flight and ground test results. 
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THE MIDDECK ACTIVE CONTROL EXPERIMENT (MACE) 
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THE MIDDECK ACTIVE CONTROL 



Significant savings in integration/certification process. 





OBJECTIVES AND RATIONALE 
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perturbations which can substantially alter closed-loop behavior. 

Therefore it is essential to perform on-orbit closed-loop testing 
for comparison with ground testing and analytical predictions to 
develop these tools. 



CAPTURING THE ESSENTIAL PHYSICS: TEST ARTICLE 

REQUIREMENTS 
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sufficiently complex geometry such that the test article 
undergoes full 3-D kinematic and coupled flexible motion. 



GROUND BASED ENGINEERING MODEL TESTBED 
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GROUND BASED ENGINEERING MODEL TESTBED 
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MACE SCIENCE DEVELOPMENT APPROACH 
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5) More complex test article geometries can be used to further 
challenge ground testing. 

6) Fundamental to the flight experiment is the understanding or 
gravity influences on the problem. 
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cost/benefit of each additional suite. 




Flexibility Actuators 
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may render a linear approach inadequate. Therefore, nonlinear control 
design methods may be required such as gain scheduling, sliding mode 
control or more generic adaptive control schemes. 
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Nonlinear Three-Dimensional Model 
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flexible appendages, representative of the roll/bending coupling causes 
by solar panels. 







SCIENCE DEVELOPMENT APPROACH: 



SCIENCE DEVELOPMENT APPROACH: 



• 5^0 

-4-> w 




03 

> 

• i— i 

-4-3 

03 

'& 

o 


0 

o 
* ^ 

C /3 

a 

03 

cu 

C/3 

3 

CO 


£ 

03 

fe 

<4-1 

o 

c/3 
03 

Oh 

>> 

-4-3 

<U 

c 

* 

© 

03 
hC .a 

<^-Q 
ro vh 

-e o 

O 

03 i- 

2 S, 


S 

<D 

C0 

fl la 2 

.2 ca •S 

2 ^ C 2 

C u 5 
0 ) a; ° 
A© 

C/3 03 2 

o Z >2 

* § ® 
O <D 

£> o +3 

•rj Vi 

2 co 

&hG ‘3 

—• 2 -b 

cd oi r3 

c«S 

o u 


^ o 

V5 


3 


03 
o 

t . • 

S « is 

s 03 2 

^ S 

a g 

§ « 
c Ou 

c 3 ^ 

£>S s 

3 $S 

0 ^ Vi 
03 03 V 
-o c 03 


03 

u 

03 


* 2 


£ 

03 

a 

„ >> 
o,^a 


-O 

o 

c3 

o 

u 

a 

a. 

< 


Compare analytical results with finite element results. 
Rank the effect types in order of impact on the structural 
dynamics based on the non-dimensional system 
parameters. 
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SCIENCE DEVELOPMENT APPROACH: 
GRAVITY INFLUENCES 








THREE CLASSES OF CONTROL ALGORITHMS WILL BE 
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- Uplink/downlink capability is being developed to enable 
downlink of open-loop identification and uplink of 
associated control algorithms. 

- These tests identify the ability to which the test article's 
control algorithm can be tuned on orbit. 
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independent ot absolute perlormance level, this demonstrates 
CST effectiveness. 

Sensor dynamic range of 60 dB is typical. 
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refined. 
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